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The	  Vision	  
•  	  A	  powerful,	  upgradable	  neutrino	  beam	  at	  a	  distance	  
matched	  to	  the	  Δm2

13	  oscilla@on	  length	  of	  L/E	  ~	  500	  to	  
measure	  the	  neutrino	  mass	  hierarchy,	  look	  for	  CP	  
viola@on,	  and	  make	  precision	  measurements	  of	  the	  
oscilla@on	  model	  in	  search	  of	  new	  physics.	  	  

•  	  	  A	  large	  underground	  detector	  capable	  of	  extending	  the	  
search	  for	  proton	  decay,	  making	  very	  large	  L/E	  
measurements	  with	  atmospheric	  neutrinos,	  and	  
detec@ng	  a	  galac@c	  supernova.	  

•  	  An	  advanced	  Near	  Detector	  comparable	  to	  the	  precision	  
of	  the	  long	  baseline	  measurement.	  



The	  Opportunity	  

•  	  Since	  1998	  we	  have	  been	  methodically	  
measuring	  the	  parameters	  of	  neutrino	  
oscilla@ons	  in	  a	  3-‐component	  scenario.	  

•  	  The	  goal	  of	  this	  campaign	  was	  to	  be	  able	  to	  
predict	  neutrino	  flavor	  oscilla@ons	  to	  a	  precision	  
that	  allows	  us	  to	  test	  underlying	  assump@ons	  of	  
our	  model.	  

•  We	  can	  also	  use	  our	  hard-‐won	  knowledge	  in	  
other	  areas	  of	  science	  where	  neutrinos	  are	  used	  
as	  a	  probe.	  	  	  



Progress!	  	  

When	  I	  was	  a	  postdoc	  
all	  these	  numbers	  were	  
thought	  to	  be	  zero	  by	  
many	  smart	  people.	  

We	  are	  lucky	  that	  nature	  
can	  be	  kind	  some@mes.	  





•  	  Design	  for	  LBNE	  started	  
well	  before	  we	  knew	  all	  
necessary	  oscilla@on	  
parameters	  

•  	  Nevertheless,	  the	  P5	  
report	  recommended	  
early	  investment	  in	  a	  long	  
baseline	  experiment	  

•  	  This	  has	  paid	  off.	  The	  
Fermilab	  program	  is	  best	  
posi@oned	  right	  now.	  	  	  

This	  calcula@on	  op@mizes	  the	  beam	  
from	  the	  Main	  Injector	  and	  calculates	  
the	  stand	  alone	  sensi@vity	  of	  LBNE.	  

5(+5)	  years	  of	  running	  of	  neutrino	  
(+an@neutrino)	  running	  with	  a	  full	  
35	  kT	  detector.	  



LBNE	  Phasing	  
•  	  Due	  to	  the	  high	  cost	  of	  the	  full	  LBNE,	  we	  were	  
asked	  to	  present	  a	  phased	  program,	  with	  the	  first	  
phase	  being	  "affordable"	  under	  current	  budgets.	  

•  	  	  A	  Reconfigura@on	  Steering	  Group	  was	  formed	  
by	  Fermilab	  to	  consider	  possible	  op@ons.	  

•  	  The	  commidee	  worked	  with	  a	  large	  group	  of	  
people	  from	  the	  LBNE	  collabora@on	  to	  come	  up	  
with	  apples-‐to-‐apples	  comparisons	  among	  
possible	  op@ons	  



The	  Steering	  Commidee	  
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Op@ons	  with	  Soudan,	  
Ash	  River,	  and	  Homestake	  
were	  considered.	  

Only	  op@ons	  thought	  to	  
be	  "affordable"	  were	  
considered	  for	  phase	  1.	  

Inclusion	  of	  data	  from	  NOVA	  
and	  T2K	  was	  taken	  into	  
account,	  as	  was	  possible	  
varia@on	  in	  input	  parameters	  

It	  was	  also	  useful	  to	  
look	  at	  expected	  spectra	  
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Ash	  River	  

Soudan	  

Homestake	  
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Ash	  River	  

Soudan	  

Homestake	  





Homestake	  was	  selected	  as	  the	  best	  op3on	  

•  	  It	  has	  the	  right	  baseline	  -‐	  selected	  by	  Nature	  
•  Backgrounds	  are	  smaller	  as	  some	  are	  oscillated	  
away.	  

•  The	  beam	  would	  be	  upgradable	  to	  >2	  MW	  

•  The	  existence	  of	  an	  underground	  lab	  at	  the	  site	  
may	  be	  important	  for	  future	  experiments	  

•  	  Basically,	  we	  don't	  know	  what	  the	  physics	  of	  
2030	  will	  be	  –	  preserve	  flexibility	  	  



Disadvantages	  
•  	  Can	  only	  afford	  small	  detector	  –	  10	  ktons	  	  
•  	  Can	  only	  afford	  surface	  loca@on.	  Physics	  
program	  is	  curtailed.	  It	  would	  cost	  ~$135M	  to	  
move	  underground.	  

•  	  No	  near	  detector	  (note:	  we	  only	  expect	  ~3	  
events/month	  so	  it	  will	  take	  some	  @me	  un@l	  
systema@cs	  become	  limi@ng,	  but	  obviously	  
not	  an	  ideal	  situa@on.	  It	  would	  cost	  ~$60M-‐
$70M	  to	  make	  an	  underground	  lab,	  plus	  
addi@onal	  funds	  for	  a	  near	  detector.	  	  





Current	  Status	  
•  	  Successful	  Director's	  Review	  in	  September.	  No	  
major	  problems.	  

•  	  CD1	  Review	  scheduled	  for	  end	  of	  October.	  
•  	  We	  are	  ac3vely	  seeking	  interna3onal	  
partners	  to	  help	  us	  recover	  some	  lost	  scope	  
by	  helping	  to	  build	  the	  near	  and	  far	  detectors	  	  
so	  we	  can	  move	  to	  an	  underground	  loca3on.	  

•  	  Discussions	  with	  Brazil,	  India,	  Italy,	  and	  the	  
U.K.	  are	  taking	  place.	  



Technical	  Challenges	  

•  	  Building	  a	  large	  liquid	  argon	  detector.	  
Maintain	  atability,	  learn	  how	  to	  calibrate	  a	  
large	  detector,	  discover	  "unknown	  unknowns".	  

•  	  Running	  a	  far	  detector	  on	  the	  surface	  (should	  
this	  be	  required)	  is	  not	  trivial.	  

•  Automa@c	  event	  reconstruc@on	  is	  a	  big	  job	  	  



35	  ton	  prototype	  

Will	  allow	  prototype	  
deployment	  of	  many	  
detector	  components	  



Surface	  Opera@on	  
•  	  LArTPC's	  are	  rela@vely	  slow	  devices.	  A	  surface	  
detector	  with	  2.3	  meter	  driq	  has	  1.4	  ms	  driq	  
@me.	  There	  would	  be	  ~70	  muons	  in	  the	  
detector	  during	  the	  driq	  @me.	  	  

•  	  Even	  though	  the	  beam	  spill	  may	  be	  10	  µsec,	  a	  
scin@lla@on	  light	  based	  trigger	  is	  needed	  to	  
associate	  a	  track	  with	  the	  beam	  crossing	  @me	  

•  	  Collabora@on	  has	  been	  studying	  how	  oqen	  
could	  CR-‐generate	  showers	  mimic	  CC	  electron	  
neutrino	  interac@ons.	  
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Geometry	  

•  Cuboid	  of	  liquid	  argon:	  30	  m	  long,	  15	  m	  wide,	  16	  m	  high;	  
total	  mass	  10	  kt.	  

•  30	  cm	  fiducial	  cut	  (9.1	  kt	  fiducial	  mass).	  

•  LAr	  is	  placed	  3	  m	  underground.	  
•  Muons	  are	  coming	  from	  upper	  hemisphere	  although	  a	  
few	  of	  them	  may	  scader	  and	  come	  from	  below.	  

•  GEANT4.9.5	  for	  muon	  transport;	  physics	  list:	  Shielding	  
(some	  simula@ons	  with	  QGSP_BERT).	  

3	  m	  
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Muons	  in	  the	  detector:	  summary	  table	  
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Point	  of	  closest	  approach	  (PoCA)	  

•  PoCA	  has	  been	  calculated	  for	  each	  e-‐	  or	  e+	  with	  E	  >	  0.1	  GeV	  produced	  by	  the	  
first	  photon	  in	  a	  cascade.	  

•  Also	  for	  photons.	  



•  	  The	  collabora@on	  studied	  background	  from:	  
(a)	  muons	  passing	  through	  the	  detector,	  (b)	  
muons	  passing	  outside	  the	  detector,	  and	  ©	  
incoming	  fast	  neutrons	  

•  	  using	  PoCA	  and	  energy	  are	  effec@ve	  in	  
reducing	  much	  of	  the	  background	  associated	  
with	  through-‐going	  muons.	  Expected	  98%	  e/
gamma	  separa@on	  is	  also	  used.	  

•  	  A	  30-‐cm	  fiducial	  volume	  cut	  is	  effec@ve	  
against	  nearby	  muons	  

•  	  An	  effec@ve	  photon	  detec@on	  system	  can	  also	  
be	  effec@ve.	  
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Schedule	  

•  	  Technically	  driven.	  Current	  funding	  profile	  
would	  add	  ~1	  year	  

•  	  We	  have	  up	  un@l	  CD2	  (2-‐3	  years)	  to	  seek	  
commitments	  from	  other	  partners	  to	  build	  a	  
near	  detector	  and	  move	  underground.	  



Conclusions	  

•  	  LBNE	  is	  proceeding	  rapidly,	  with	  a	  CD1	  review	  
in	  two	  weeks	  

•  	  The	  collabora@on	  is	  seeking	  interna@onal	  
partners	  (and	  help	  from	  NSF)	  to	  expand	  the	  
physics	  poten@al	  

•  	  Work	  is	  con@nuing	  on	  cosmic	  ray	  
backgrounds,	  but	  ini@al	  indica@ons	  are	  that	  a	  
surface	  op@on	  would	  work	  if	  sufficiently	  good	  
reconstruc@on	  and	  light	  collec@on	  





Working	  Groups	  
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